P
atient satisfaction with reconstructive surgery is an important component of multidisciplinary treatment for breast cancer. Several studies have shown significantly higher patient satisfaction with autologous reconstruction. [1] [2] [3] [4] [5] [6] In recent decades, the deep inferior epigastric perforator (DIEP) and superficial inferior epigastric artery (SIEA) flaps have arisen as highly refined procedures, with reduced donor-site morbidity and superior aesthetic satisfaction. 1, [5] [6] [7] [8] [9] The ultimate goal in unilateral postmastectomy breast reconstruction is to create a natural appearing breast while adjusting both the size and shape of the opposite breast in an attempt to create maximum symmetry. 10, 11 Using other methods, such as the transverse rectus abdominis musculocutaneous (TRAM) or latissimus dorsi flap, several reports describe the necessity of reduction or augmentation mastopexy to the contralateral breast to provide symmetry. [12] [13] [14] [15] [16] [17] [18] [19] In addition, some studies report the combined use of free TRAM flaps and breast implants for aesthetic ipsilateral breast reconstruction. [12] [13] [14] To the best of our knowledge, no studies are available reporting the actual rates, techniques, and long-term results of contralateral augmentation procedures performed along with the DIEP or SIEA flap.
The ideal time at which to perform the symmetry procedure remains controversial. Several studies postulate that superior aesthetic results can be achieved when the symmetry procedure is carried out during the initial reconstruction, because the corrected opposite side is used as a model for breast reconstruction. 15 Furthermore, it has been advocated that the primary symmetrization procedure offers the opportunity for glandular exploration for occult carcinomas in the contralateral breast. 16 In contrast, some authors prefer to adjust the contralateral breast at a later stage, after completion of any adjuvant therapy.
In an effort to provide additional data, we present our experience of contralateral breast augmentation as a simultaneous surgical step in patients undergoing unilateral breast reconstruction with the DIEP or SIEA flap. This report is the first to document the feasibility and safety of implant augmentation of the contralateral breast by means of the endoscopic method at the same surgical stage with the free DIEP or SIEA flap. Different surgical approaches are presented and the transmidline approach is introduced as a novel and advantageous technique.
PATIENTS AND METHODS
Before mastectomy, an informed consent document was provided to the patients regarding the risks, benefits, and treatment alternatives (including nontreatment) for breast reconstruction. Only the patients who explicitly gave permission were considered for reconstruction with the DIEP or SIEA flap with or without simultaneous contralateral breast augmentation. Endoscopic contralateral breast augmentation was recommended to the patients with hypoplastic breasts.
Patients
From 
Operative Techniques
The surgical steps were carried out in the following order: (1) elevation of the DIEP flap and preparation of the recipient site, (2) endoscopeassisted creation of contralateral breast pocket for implant placement, (3) temporary application of a mammary sizer, (4) microsurgical anastomosis and inset of the DIEP flap, (5) final adjustments to achieve the symmetry, and (6) definitive placement of the implant.
Elevation of the Flap and Preparation of the Recipient Site
The surgical procedure started with elevation of the DIEP or SIEA flap, creation of the mastectomized breast pocket, and preparation of the recipient vessels using a two-team approach. Preoperatively, with the patient in the sitting position and arms hanging along the sides, the existing inframammary folds, the borders of the mammary gland, and the sternal midline were outlined. Then, the boundaries of the elliptical DIEP or SIEA flap, ipsilateral superficial epigastric vessels, and myocutaneous perforators were marked with a pencil Doppler probe. The superior margin of the flap was designed slightly above the umbilicus, and the bilateral anterior superior iliac spines constituted the transverse limits of the flap. To allow wound closure under minimal tension, the vertical length of the flap rarely exceeded 12 cm. The abdominal flap was then raised based on either the superficial inferior epigastric artery or the deep inferior epigastric artery using techniques described elsewhere. 6, 9 The internal mammary artery and venae comitantes were the preferred recipient vessels.
Endoscope-Assisted Creation of the Contralateral Breast Pocket for Implant Placement
The contralateral breast pocket for implant placement was prepared using the endoscopic approach. Five different incisions for access were used, including transmidline (n ϭ 7), transaxillary (n ϭ 6), Port-A-Cath catheter (SIMS Deltec, St. Paul, Minn.) scar (n ϭ 4), preexisting scar (n ϭ 1), and inframammary fold (n ϭ 1).
Transmidline Approach (n ‫؍‬ 7)
The sternal origin of the pectoralis major muscle between the fourth and fifth ribs was divided for a length of 3 cm (Fig. 1) . Then, submuscular blunt dissection of the loose areolar tissue was performed to create the optical cavity for insertion of the endoscope (Karl Storz, Germany) (Fig. 2) . After establishing the optical cavity, the endoscopic retractor (Snowden Pencer, Inc., Tucker, Ga.) was placed, followed by the scope (Fig. 3) . Then, the pectoralis major fibers along the inferior and lateral quadrants were transected using the endoscopic Bovie electrocautery with a lowwall suction placed on it. The endoscopic camera allowed direct visualization and thus precise control for dissection and bleeding. Blunt dissection to muscle was avoided to minimize bleeding and to reduce the tissue trauma.
Transaxillary Approach (n ‫؍‬ 6) A 3-cm incision on the anterior axillary crease was performed. The skin flaps were undermined until the pectoral fascia was reached, and care was taken to avoid injury to the intercostal brachial nerve. Then, the underside of the pectoralis major was identified and the fascia was elevated to obtain access to the submuscular plane. Endoscope-assisted transection of the muscle was performed as described above.
Port-A-Cath Catheter Scar (n ‫؍‬ 4)
On completion of chemotherapy, four patients demanded removal of the Port-A-Cath catheter that had been placed on the subclavicular area of the healthy breast site (Fig. 4) . In these patients, a 3-cm incision was created on the preexisting scar to remove the Port-A-Cath, and the implant was inserted at the subpectoral plane through the extended scar incision endoscopically. Accessing and transecting the inferior border of the pectoralis muscle with this approach was rather difficult and technically demanding.
Inframammary Incision (n ‫؍‬ 1) This approach was used in one patient who had undergone breast augmentation with liquid Volume 118, Number 6 • Endoscopic Breast Augmentation silicone injection earlier. A 10-cm incision was performed in the inframammary fold that allowed easier access to remove the breast tissue with silicon granulomas completely. Then, a submuscular plane was created and lateral quadrant and inferior muscle fibers were transected by means of Bovie electrocautery with the assistance of endoscopy.
Preexisting Scar (n ‫؍‬ 1)
This approach was used in one patient who had undergone breast biopsy to rule out a suspicious breast tumor. The incisional scar, 4 cm in length, was located 2 cm below the nipple-areola complex. After creation of the optical cavity, the pectoralis major fibers were transected endoscopically as described above.
Application of a Mammary Sizer to Test Implant Placement and Size
After the creation of the pocket, the endoscope and Bovie electrocautery were removed and a deflated mammary sizer (Inamed, Santa Barbara, Calif.) was inserted. The general decision for the amount of volume to be inflated was made jointly by the patient and the surgeon before surgery (Fig. 5) . Then, this site was used to adjust the volume and shape of the DIEP flap to create symmetry.
Microsurgical Anastomosis and Inset of the DIEP Flap
After division of the deep inferior epigastric vessels, the total flap volume and weight were measured in a sterile cylinder by the water displacement method and by a weighing device, respectively (Figs. 6 and 7). The flap was then temporarily fixed to the thoracic wall, and both arterial and venous microsurgical anastomoses were performed. The venous anastomosis was performed with 10-0 nylon first, followed by the arterial anastomosis with 9-0 nylon in an interrupted fashion. The cephalic border of the flap was usually inset downward, pointing to the inframammary crease, and zone IV of the flap was located on the superolateral area of the reconstructed breast. The contralateral augmented site was used to help determine the shape and volume of the reconstructed breast. After inset of the breast mound, the volume and weight of the excised tissue was also measured to calculate the flap used volume and flap used weight.
Final Adjustments to Achieve Symmetry
In this step, after approximation of the wounds by staple sutures, as the patient was placed in the sitting position on the operating table, the symmetry of the breasts was evaluated from the cephalic and caudal views by the subjective perception of the senior surgeon (M.-H.C.).
Definitive Placement of the Implant
The sizer was removed and a deflated, smooth, round, saline-filled implant (Inamed, Style 68) was inserted with the help of Army-Navy retractors as its edges rolled toward the center. In all cases, the implants were placed in the subpectoral position.
The results regarding the operation and ischemia time, weight and volume of the flap and implant, and the ratio of volumes (contralateral breast volume/total flap volume) are reported as mean Ϯ SD. Using the Likert scale, patient satisfaction with outcomes in the immediate and delayed reconstruction groups are reported as mean Ϯ SD and the means are compared using the Mann-Whitney U test (p Ͻ 0.05). The correlation coefficients (r) between used flap weight and used flap volume, total flap weight and total flap volume, and contralateral breast volume and total flap volume are computed using the Pearson correlation coefficient formula.
RESULTS
The mean operation time was 8 hours 38 Ϯ 35 minutes, with a mean ischemia time of 45 Ϯ 15 minutes. This period was 6 hours 15 Ϯ 30 minutes when the DIEP or SIEA flap was performed alone.
The immediate success rate was 100 percent, with complete survival of all flaps. At a mean of 29.2 months' follow-up, no patient developed local recurrence or metastasis to the contralateral breast. However, one patient who underwent delayed reconstruction was diagnosed with a secondary breast cancer in the contralateral breast 3 months after the augmentation procedure. The implant (160 cc) was removed, modified radical mastectomy was carried out, and immediate reconstruction was performed with a larger implant (330 cc).
Three cases were revised at 12 to 44 months' follow-up because of implant rupture (n ϭ 1), ptotic nipple (n ϭ 1), and capsular contracture (n ϭ 1). The reason for implant rupture was probably underfilling of the implant (140 ml/180 ml).
None of the patients received any postoperative radiation. Two of four patients with immediate breast reconstruction underwent postoperative adjuvant chemotherapy, and neither of them was delayed for onset of the treatment.
The weight and volume records for total flap, used flap, and implant were available in 16 cases (Tables 1 and 2 ). The correlation coefficient between flap used weight and flap used volume, and total flap weight and total flap volume, was calculated as 0.97, and the mean ratio was 0.94 for both groups (Tables 1 and 2 ). Mean volume of the total flap was 608.4 Ϯ 245.4 ml (median, 580.0 ml). Mean flap used volume for reconstruction of the mastectomized breast was 527.5 Ϯ 186.8 ml (median, 503 ml), which corresponded to 88.7 Ϯ 8.1 Volume 118, Number 6 • Endoscopic Breast Augmentation percent (median, 90.9 percent) of the total flap volume. Mean required contralateral implant volume was 189.1 Ϯ 62.5 ml (median, 180 ml) ( Table  3 ). Contralateral breast volume was calculated by subtracting the implant volume from the used flap volume (Table 3) . A positive correlation (r ϭ 0.9) was detected between the total flap volume and the contralateral breast volume (Table 3 and Fig.  8 ). The mean ratio of contralateral breast volume to total flap volume was calculated as 0.53 Ϯ 0.1 (median, 0.49) (Fig. 8) , which means that contralateral breast volume equals 53 percent of the total flap volume on average (Table 3) .
Overall patient satisfaction was high at longterm follow-up, with good symmetry in shape and size (Figs. 9 and 10 ). Patients were asked to express agreement or disagreement by means of a fivepoint Likert scale to evaluate aesthetic satisfaction. The mean calculated value for the responses was 4.25 Ϯ 0.5, which indicated adequate patient satisfaction. There was no statistically significant difference between the immediate and delayed groups (p ϭ 0.28).
DISCUSSION
Over the years, we have witnessed continued progress in the management of patients with unilateral breast cancer, including both tumor resection and breast reconstruction. Aesthetically pleasing breast reconstruction involves the parameters of symmetry in breast shape and size, reduced scar, and natural appearance, with satisfactory volume restoration. 10 Besides the above parameters, an ideal reconstructive option should also provide the least donor-site morbidity. Recently, free DIEP and SIEA flaps have emerged as refinements of the free TRAM flap. [5] [6] [7] [8] [9] In addition to offering superior aesthetic reconstruction, as with minimal or no rectus abdominis muscle dissection, donor-site morbidity is greatly reduced. [5] [6] [7] [8] [9] In our institute, we have been using these flaps and have achieved high success rates in the majority of postmastectomy patients.
Although symmetry with the opposite breast is the ultimate goal in unilateral breast reconstruction, some women have an unattractive contralateral breast, and the recreation of this shape would therefore not be desirable. Thus, remodeling of the contralateral breast during the initial procedure greatly improves the final aesthetic result, as the shape and inset of the DIEP flap can be adjusted accordingly.
According to the best of our knowledge, no studies are available reporting the actual rates, techniques, and long-term results of contralateral procedures performed with the DIEP flap. Using other methods, several reports describe the necessity of reduction, augmentation, mastopexy, and augmentation/mastopexy to the contralateral breast to provide symmetry. [17] [18] [19] In a large series involving 1394 patients who underwent postmastectomy breast reconstruction with implantation, latissimus dorsi flaps, and TRAM flaps, 67 percent of delayed reconstruction patients and 22 percent of immediate reconstruction patients were reported to require a symmetry procedure on the opposite breast. 19 In this series, reduction was the most common procedure for autologous tissue reconstruction (57 percent). 19 Taiwanese women are typically thin, with a slender body habitus. Therefore, in our series, contralateral breast augmentation was the procedure most commonly applied for hypoplastic breasts (12.0 percent).
The ideal time to perform this symmetry procedure remains controversial. Some surgeons prefer to delay this procedure until after adjuvant therapy. In the delayed reconstruction group, all patients had to have completed adjuvant chemotherapy before reconstruction. However, in the immediate group, two of four cases (50 percent) received postsurgical adjuvant chemotherapy without delay in treatment, and no complication or negative impact was encountered.
Short-and long-term morbidity in breast augmentation relates directly to the degree of tissue trauma at the primary operation. 20 The advent of endoscopic plastic surgery in the 1990s allowed application of the endoscope to breast surgery. The increased control resulting from direct visualization of dissection obviated many of the previous downfalls of the blind approach. In this series, different incisions for endoscopic access were used in an attempt to find the easiest route with the best aesthetic outcome. The first case was performed through a preexisting biopsy scar. Then, the transaxillary route was used in the second to sixth cases; however, this route created an additional scar. Besides complications such as implant malposition, axillary hematoma, temporary axillary banding, and lymphadenopathy have been reported with the transaxillary route. [21] [22] [23] Access by means of a Port-A-Cath catheter scar was relatively challenging, especially for transecting the inferior muscle fibers. Indeed, probably because of inadequate release of the pectoral muscles, one patient with this route of access underwent revision surgery for nipple ptosis. Using the inframammary fold incision is not a preferred option because the suture line is close to the implant, which may cause infection, and the resultant scar may be thicker. However, we had to use an inframammary fold incision in one patient to obtain easier access to entirely remove the silicone-related granulomas.
Eventually, we applied the transmidline route in the last seven cases and found it to be the most useful method for the following reasons: (1) access to the lateral and inferior muscle fibers for transaction is easier; (2) no additional scar is created; and (3) the operative period is relatively shorter because an already exposed surgical area is used.
It has been advocated that, medially in the subpectoral plane, the pectoralis origins should be Volume 118, Number 6 • Endoscopic Breast Augmentation left intact from the substernal notch to the point at which the inframammary fold meets the sternum to avoid complications such as excessive upward traction of the pectoralis, pectoralis banding above the implant, medial traction rippling, and synmastia. 20 In our series, a 3-cm incision to the pectoralis muscle insertion did not create any of the above complications, and general and aesthetic satisfaction was comparable to that achieved with other routes.
In all cases, implants were placed in a subpectoral plane, leaving the breast parenchyma anteriorly for easy examination and visualization by mammography. 24 This might be a more crucial concern for a patient who has already undergone mastectomy for cancer. Besides, muscle provided an additional protective cover for the implant, minimizing the possible problems of rippling and palpability 24 in thin Asian women.
In this series, one patient experienced a secondary breast cancer within 3 months after the delayed breast reconstruction with contralateral breast augmentation. Considering the facts that breast cancer develops within many years and that women who have had cancer in one breast are at higher risk of developing a new cancer in the other breast, a perioperative biopsy might have detected the occult tumor earlier. 25 Therefore, placement of the implant at the same surgical stage may offer the opportunity to obtain a biopsy specimen and detect an occult tumor earlier, which may have potential to reduce morbidity and mortality. Placement of implants at the same surgical stage with the DIEP flap imposed no significant prolongation in the total operative time and added no risk for flap failure, infection, or implant failure.
It has been proposed that the weight density of the breast tissue is close to 1 g/ml, so that weight measurement of the breast in grams generally equals the volume in milliliters needed for reconstruction. 26 Perioperatively, we have measured both the volume and the weight density. Consistent with the above finding, no statistically significant difference was found between flap used weight and flap used volume (p ϭ 0.8) and total flap weight and total flap volume (p ϭ 0.9) ( Tables  1 and 2 ). Therefore, we used volume measurement (in milliliters) to discover whether any correlation exists between the volumes of implant, contralateral breast, and the flap (flap used volume or total flap volume) in an attempt to facilitate decision making for future reconstructions. A positive correlation was detected between the contralateral breast volume and the total flap volume (Fig. 8) . The contralateral breast volume was equal to 53 Ϯ 1 percent of the total flap volume on average, which means that (1) contralateral breast volume and the lower abdomen may be affected equally by the changing body mass index; and (2) if more than 53 Ϯ 1 percent of the DIEP flap is used for reconstruction, an augmentation procedure may be required for the contralateral breast to provide symmetry.
The advantages of implant placement at the same surgical stage with breast reconstruction using the DIEP or SIEA flap include the following: (1) perioperatively, the contralateral breast can serve as a model for adjusting the shape and volume of the DIEP or SIEA flap, and also the extent of the required skin mantle can be determined; (2) performing biopsy for early detection of a possible tumor is feasible; (3) a one-stage procedure may be cost-effective and may positively affect the patient's psychological well-being; (4) an additional scar to the normal breast is avoided, especially when the transmidline approach is used; 
